Aims To assess the relationship between oral health status and Body Mass Index. Material and methods This paper relates to the free-living sample (participants who lived in their own home, rather than an institution) of the National Diet and Nutrition Survey: people aged 65 years and older. Subjects 629 adults. Data collection A probability random national sample of adults who had a dental examination, an interview and an anthropometric examination. Data analysis Fisher's exact test and multivariate logistic modeling. Findings Being underweight was relatively uncommon in this population. People without teeth were significantly (P=0.05) more likely to be underweight than those with 11 or more teeth; 12.3% and 2.9%. A highly statistically significant (P=0.001) difference was observed in BMI between dentate people with 1-10 teeth and with more than 10 teeth; 24% and 2.9% were underweight. Dentate people with less than 21 natural teeth were on average more than 3 times more likely to be obese than those with 21-32 teeth (P=0.036). There was no significant difference in both the proportion of overweight and obese adults between those who were edentulous and dentate with 21 or more teeth. A similar pattern was observed when the number of posterior occluding pairs was compared with BMI categories. Results of multiple logistic regression were adjusted for the confounding effects of age, social class, region of origin and partial denture wearing. Conclusions Older people in Britain with more than 20 teeth are more likely to have a normal Body Mass Index.
dence that people whose mastication is impaired by tooth loss are more likely to be underweight is conflicting. In the 1967-1968 DHSS 6 study of elderly people in Britain, Berry found that inefficient mastication was associated with being underweight and leanness. They also had 20% less energy intake. Further evidence for an association between edentulousness and under-nutrition comes from the British DHSS survey 6 of nutrition and health in old age. Conversely, differences in body weight by dental status were not found by Elwood and Bates. 7 Halling, Bengtsson and Avridsson, 8 on the other hand, found that body weight was higher in edentulous people and in those with 1-15 teeth compared with those with more than 15 teeth. A similar trend was reported by Nowjack-Raymer 9 in a large national survey in the USA.
Overall it appears that edentulousness and chewing problems are related to being underweight, [10] [11] [12] but the true relationship is far from clear. Whilst relationships between dental state, chewing ability and food choice have been explored, these studies often suffer from being small scale, non-representative or insufficiently rigorous in the collection of nutritional data. There are only very limited data linking nutrition or general health with dental state. From the point of view both of public health and of individual healthcare it is important to understand any relationship between dental state and body weight if either are to be managed appropriately in the elderly.
This study aims to clarify the relationship between dental status and Body Mass Index (BMI), using data from the National Diet and Nutrition Survey of people 65 years and older.
MATERIALS AND METHODS
The National Diet and Nutrition Survey (NDNS) included two independent random samples of free-living and institutionalised adults aged 65 and over living in Great Britain. This paper relates to the free-living sample; participants who lived in their own home, rather than an institution.
The free-living sample was selected using a multi-stage random probability design. Households containing eligible adults were identified from the returns and a sample of individuals was selected using probabilities required to produce the target sample sizes. Institutions were excluded. Full details of the sampling procedures and the response rate are published elsewhere. 2, 13 The oral health survey of people participating in the NDNS was carried out to relate their oral health to their dietary intake and
• Having a functioning natural dentition of more than 20 teeth is a reasonable threshold for acceptable oral health and a functional dentition into old age.
• Maintaining a healthy and functional dentition into old age may have an important additional role to play in maintaining a healthy Body Mass Index.
• The association of poor oral health with obesity is likely to be associated with the quality of the diet.
• Amongst adults over 65 years, having few or no natural teeth was associated with a greater risk both of being underweight and with a greater risk of being obese.
• There was no difference in BMI between edentulous people and dentate adults having a functioning dentition of more than 20 teeth.
I N B R I E F nutritional status; it included an oral examination and an oral health interview. 2 Trained and calibrated dentists undertook the oral examinations, whilst trained interviewers conducted the oral health questionnaire. Two measures of oral health were derived to give an indication of the potential masticatory efficiency. They were the number of natural teeth and the number of posterior occluding pairs of teeth (POPs). The relationship between mechanical efficiency and the numbers of natural teeth and their distribution has been well established for many years, 14 though the impact of a partial denture on mechanical function is less clear. The dietary survey collected detailed information about the quantities of foods and nutrients consumed by the sample of elderly people as well as demographic data, anthropometric measurements and measurements of the levels of certain nutrients in blood and urine. To measure body fatness, height and weight, measurements were used to derive the Quetelet or Body Mass Index, a ratio between the weight in kilograms and the height in metres squared (weight[kg]/height[m] 2 . Height was measured with a portable, digital telescopic stadiometer with participants without shoes and head horizontal in the Frankfurt Plane. Weight was measured to the nearest 100 grams using Soehnle Quantratonic digital personal scales on a hard, level surface. 13 A ratio of 20 to 25 was considered as 'normal', while less than this defined underweight, values between 25 and 30 were defined as being overweight, and values of 30 or over were considered obese. Whilst these divisions are essentially arbitrary, they are widely used. 14 
Data analysis
Data analysis included descriptive and analytic statistics. Statistical significance was set at the 5% level. Multivariate logistic modeling was used to make allowance for the potential confounding effects of age, sex, social class, region of origin and partial denture wearing during the assessment of the relationships tested. Due to the low prevalence of underweight elderly people (n=24, Table 2 ), adjusted odds ratios could not be estimated using multivariate logistic modeling for this group, and Fisher's exact test was used. Since there was no difference between those with 11-20 and 21-32 teeth (2.9% were underweight in both groups) these categories were combined for analysis of data on low body weight. Separate analyses were conducted to compare edentulous people with those with 11-32 teeth and to compare those with 1-10 teeth with the same groups. A similar approach was adopted when the relationship between number of POPs and BMI was analysed. The categories 1-4 and 5 or more were combined and separate analyses were conducted to compare with those dentate people with zero POPs and the edentulous. This was necessary because Fisher's exact test applies only to a two by two table.
RESULTS
Complete data were available for 629 people. The frequency distribution of demographic variables is presented in Table 1 . A total of 346 (55%) participants were dentate and 283 (45%) were edentulous (Table 2) .
A scatterplot of number of teeth against BMI showed that the relationship was not linear. BMI data were categorized into underweight (BMI<20), overweight (25-30) and obese (>30) and were compared with 'normal' (20-25). The majority of the sample had a BMI greater than 25; 47.4% were overweight and 18.9% were obese. Few people were underweight (3.8%), and 29.9% were in the 'normal' category. The frequency distribution of BMI categories was similar in dentate and edentulous people ( Table 2) .
The results of Fisher's exact test to evaluate the relationship between being underweight and dental status showed that people without teeth were significantly (P=0.05) more likely to be underweight than those with 11 or more teeth, 12.3% and 2.9% respectively (Table 3) . There was also a highly statistically significant (P=0.001) difference in BMI between dentate people with 1-10 teeth and those with more than 10 teeth; 24% and 2.9% were underweight respectively (Table 3 ). The results of multiple logistic regression demonstrated that dentate people with less than 21 natural teeth were on average more than three times more likely to be obese than those with 21-32 teeth (P=0.036, Table 3 ). There was no statistical difference in both the proportion of overweight and obese adults between those who were edentulous and dentate with 21 or more teeth. A similar pattern was observed when the POPs measure of oral health was used (Table 4 ). All results of multiple logistic regression were adjusted for the confounding effects of age, social class, region of origin and partial denture wearing.
DISCUSSION
This research reports data on a carefully drawn national probability sample. Validated measures were used, data collection was rigorous, and data analysis took into account the confounding effects of age, social class, region of origin and partial denture wearing during the assessment of the relationships tested. The analysis was deliberately restricted to the relationship between BMI and the presence and number of natural teeth. The functional benefits and wearing habits of complete dentures are variable and difficult to quantify, particularly in the absence of a reasonable population of 'non-wearers' . All but a very small number of individuals without any natural teeth in one or both arches had complete dentures and wore them for some part of the day. The presence of partial dentures in those with some natural teeth was included as a co-variable in the model so that the impact of partial dentures could be accounted for when evaluating the relationship between BMI and the number of natural teeth.
The results of this study showed that having a functioning natural dentition, defined as having more than 20 teeth, increased the likelihood of having a 'normal' BMI (20-25). Amongst adults over 65 years, having few natural teeth or none at all was associated with a greater risk both of being underweight and with a greater risk of being obese. The approach used Numbers of teeth may not be an adequate measure of masticatory function. Having premolar and molar teeth which occlude are relevant too. This study tested relationship between BMI and number of ocluding posterior pairs, and the results followed the same pattern observed when the number of teeth were used as a measure of oral health (Table 4) .
The nature of the relationship between BMI and oral health is clearly rather complex. A low BMI is easily explainable on the basis of there being real functional difficulties that can prevent normal eating in some cases. On the other hand, the association of poor oral health with obesity is likely to be associated with the quality of the diet. There may even be an argument that the loss of teeth may have been the result of a poor quality diet in some instances. Interestingly, the strongest associations between BMI (both being underweight and obese) were where people had some teeth, but were not edentulous. It can be more difficult to provide adequate function, and therefore to provide for an adequate and varied diet, where there are a few poorly distributed teeth than in this study tested the relationship between oral health measures and four categories of BMI, underweight, 'normal', overweight and obese, as it was clear that the association between number of teeth and BMI was not linear. This differs from other studies that assumed a linear association between oral health measures and relative body weight. To assume linearity may cancel or mask the true association, or alternatively, may show a weak association in either direction. Existing evidence relating edentulousness, and having few teeth, to being underweight, 10-12 overweight 8 or unrelated to weight appear to be contradictory. 7 These findings may now explain the apparent contradictions.
Interestingly, there was not a statistically significant difference in BMI between edentulous people and dentate adults having a functioning dentition of more than 20 teeth. The insufficient masticators identified in this study were those with less than 21 teeth without replacement. This explains the lack of a significant association between dental status and BMI reported in Table 2 . Table 3 . Frequency distribution of body mass index by number of teeth and odds ratio adjusted for age, sex, social class, region of residence and partial denture wearing; in a sample of 629 free-living adults aged 65 or over in Great Britain (unweighted data). where there are none at all. This is a problem particularly where the teeth are in only the upper arch. Whilst this does not always hold true it may partly explain the relationships observed. The findings of this study have important implications for public health policy. Previous analyses of these data have shown that people with fewer than 20 teeth had dietary restrictions 3 and nutritional deficiency 5 when compared with those with 20 or more teeth. The findings reported here provide further scientific evidence for 20 or more natural teeth being a reasonable threshold for acceptable oral health and a functional dentition into old age. [16] [17] [18] In conclusion, maintaining a healthy and functional dentition into old age may have an important additional role to play in maintaining a healthy Body Mass Index. 
